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Introduction 
Varying techniques of measurement coupled 
with lack of suffic ient d ata have presented great diffi-
culties in the compa ri son o f dental a rch dimensions 
obta ined by diffe rent workers . Several a uthors1 - 7 
have attempted to delineate the a rches. Lavell e et 
a l7 measured the denta l a rches o f a dults from several 
different ethnic groups and found little difference be-
tween the modern British Caucasian, Australian abo-
rigines, a nd North American Indians. They did, how-
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ever, see considerable differences between these 
modern populations a nd a g roup o f Anglo-Saxons 
and a group of West Africans. 
Severa l studies8 - 10 have shown t ha t there has 
been a reduction in the dimensions of the maxilla and 
ma ndible in modern times, a ltho ugh no reductio n in 
tooth size was reported. A variety of expla natio ns 
have been put forth to explain this reduction in jaw 
size, among them evolutionary change" and con-
sistency of di et. 12 Others13 - 16 have shown that bone 
size is a ffected by mechanical st ress o r the lack of it. 
Since the modern di et is softer t han tha t of past 
periods, it is reasoned tha t th e soft diet requires less 
mechan ica l force to masticate a nd thus less mechani-
cal stress on the bone. This reduction in mechanical 
stress is assumed then to lead to reducti on of jaw size. 
IOI 
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The present study was undertaken to investigate 
any changes in jaw size that occurred within the time 
period (2300 years) encompassed by the six pre-Co-
lumbian Peruvian cultures studied, and from that 
period to modern times. 
Materials and Methods 
Measurements were made on 84 adult maxillae 
and 114 adult mandibles from the pre-Columbian 
Peruvian material housed in the Museo Regional de 
lea, lea, Peru; these were made up of the following 
number of specimens from each of the six cultures: 
Paracas, 33 maxillae and 33 mandibles; Nazca, 6 
maxillae and 20 mandibles; Huari, 10 maxillae and 14 
mandibles; lea, 19 maxillae and 24 mandibles; Inca, 1 
maxilla and 2 mandibles; and Colonial, 15 maxillae 
and 21 mandibles. These six cultures flourished dur-
ing the following periods: Paracas, 600 BC-AD 100; 
Nazca, 100 BC-AD 800; Huari, AD 800.:..AD 1200; lea, 
AD 1200-AD 1450; Inca, AD 1450-AD 1532; and Colo-
nial, AD 1534-AD 1700. The dating of this material 
was carried out by both archaeological and C-14 
dating. Sex determinations were carried out as out-
lined by Allison and Gerszten, 17 although these could 
not be made accurately on some of the material; the 
values for this unsexed material appear in the tables 
under the heading "unknown." 
A total of 12jaw dimensions were measured; 4 of 
the maxilla and 8 of the mandible. The dimensions of 
arch width were measured between the centers of the 
corresponding teeth ori each side of the dental arch at 
the first premolars, first molars and second molars in 
both the maxillae and mandibles. Maxillary arch 
length was measured as outlined by Moyers.18 All 
measurements of the maxilla were made using dial 
calipers with an accuracy of 0.1 mm. Measurements 
of the mandible were taken19 using dial calipers with 
an accuracy of 0.1 mm and a mandibular board. 
While the measurements of the maxillary and man-
dibular arch widths at the first premolar and the first 
and second molars have been explained, the maxil-
lary arch length and the other mandibular measure-
ments must be defined. Maxillary arch length was 
measured by laying a bar across the central fossae of 
the first molars and measuring from the midline point 
along this bar to the incisal edge of the central in-
cisors. The mandibular angle is the angle between the 
standard horizontal plane and the ramal planes. The 
height of the ramus is from the most superior point 
on the left condyle to the standard horizontal plane 
(base of mandibular board) measured in the vertical 
plane. The body length is from the most anterior 
point in the symphysis area to the intersection of the 
standard horizontal and ramal planes. Bigonial width 
is the maximum width between the right and left 
gonion of the mandible. Bicondylar width is the max-
imum width between the lateral points of the right 
and left condyles. Although Hrdlicka4 states that bi-
condylar measurement is completely useless as the 
width is affected by the width of the skull at its base, 
many other authors have used bicondylar measure-
ment to define the mandibular arch and it is, there-
fore, included in this study. 
While 84 adult maxillae and 114 adult mandibles 
were measured, all totals for each of these measure-
ments will not come to these numbers because of 
missing teeth, fractured condyles, and other factors. 
Results 
Females in all cultures shown in Table I have the 
larger maxillary arch size in three of the four mea-
surements made. Maxillary arch width at the first 
premolar is larger in males in all cultures except the 
lea. No reduction of maxillary arch size is seen dur-
ing the approximately 2300-year period studied in 
this pre-Columbian Peruvian culture except in the 
width of the arch at the first molar; a reduction is seen 
here from the most ancient cultures studied to the 
most modern. The Inca culture exhibited the smallest 
maxillary arch length while the Huari culture, fol-
lowed closely by the N azca, sho.wed the greatest. The 
smallest arch width at the maxillary first premolar 
was seen in the Inca culture and the Colonial exhib-
ited the largest width. The largest arch width at the 
maxillary first molar was seen in the Nazca culture; 
the Colonial had the most narrow arch at the first 
molars. The H uari displayed the smallest and the lea 
the largest arch widths at the maxillary second mo-
lars. 
Table 2 gives fi ve mandibular jaw measurements. 
The males of this pre-Columbian Peruvian popu-
lation exhibited the larger arch width at the first 
mandibular molar, the larger bigonial width, and the 
larger bicondylar width; other measurements pre-
sented (mandibular arch width at the first premolar 
and second molar) were similar in both sexes. A trend 
toward smaller mandibular jaw size was evident by a 
reduction in jaw size at the fi rst molar, second molar, 
and bigonial widths . The N azca culture and the Para-
cas culture had the largest mandibular arch widths at 
the first premolars. The arch width at the first and 
second mandibular molars and the bigonial width 
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TABLE 1 
Maxillary Arch Measurements 
MAXILLARY MAXILLARY ARCH MAXILLARY ARCH MAXILLARY ARCH 
ARCH WIDTH AT WIDTH AT WIDTH AT 
LENGTH FIRST PREMOLAR FIRST MOLAR SECOND MOLAR 
CULTURE M F u T M F u T M F u T M F u T 
Paracas 
N 0 0 6 6 0 0 22 22 0 0 33 33 0 0 28 28 
Mean 25.4 25.4 39.6 39.6 48.8 48.8 53.6 53.6 
S.E. 0.9 0.9 0.6 0.6 0.6 0.6 2.8 2.8 
Nazca 
N I 0 3 4 I I 4 6 I 0 5 6 I I 3 5 
Mean 22.7 27.2 26.1 36.1 36.1 39.9 39.8 53.4 49.6 50.3 57.0 51.4 54.3 54.3 
S.E. 0.0 I. I 1.4 0.0 0.0 0.7 1.0 0.0 0.3 0.7 0.0 0.0 1.8 1.3 
Huari 
N I 0 4 5 4 6 I 2 7 10 I 2 6 9 
Mean 27.0 26.8 26.8 40.3 36.3 39.9 39.4 47.2 48.0 47.8 47.8 52.3 52.8 53 .1 52.9 
S.E. 0.0 1.0 1.0 0.0 0.0 0.8 0.8 0.0 2.5 I. I 0.8 0.0 2.9 1.0 0.8 
lea 
N I 9 4 14 I 13 I 15 1 II 7 19 I 7 2 10 
Mean 25.3 27.0 26.2 26.7 39.4 39.7 39 .0 39.6 50.7 48.7 45. 8 47.8 52.7 54.6 56.7 54.8 
S.E. 0.0 0.7 0.9 0.5 0.0 0.5 0.0 0.4 0.0 0.8 1.9 0.9 0.0 0.7 0.7 0.6 
Inca 
N 0 0 I I 0 0 I I 0 0 I I 0 0 I I 
Mean 24.8 24.8 36.9 36.9 47.9 47.9 54.2 54.2 
S.E. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Colonial 
N 0 12 3 15 2 12 0 14 I 10 2 13 I II 0 12 
Mean 24.9 25.9 25.1 42.4 40.0 40.3 45.6 48.3 46.4 47 .8 52.3 53.6 53.5 
S.E. 0.4 1.2 0.4 0.3 0.6 0.5 0.0 0.6 1.0 0.5 0.0 0.7 0.7 
M = male 
F = female 
U = sex unknown 
T = total 
N = number 
S.E. = standard error 
were larger in the Nazca culture. The Huari, followed largest mandibular angle and the N azca the smallest 
closely by the N azca culture, had the greatest bi- m this pre-Columbian Peruvian population. The 
condylar width. The mandibular jaw size measure- Paracas culture shows the smallest ramus height and 
ments presented in Table 2 were consistently smaller the Colonial has the greatest. In examining the body 
in the Inca culture, although this figure can be mis- length measurements, the Nazca culture specimens 
leading due to the small sample size. have the longest mandibular body and the Inca have 
For three other mandibular jaw measurements the shortest. 
(mandibular angle, ramus height, and body length) 
presented in Table 3, the male specimens in this study Discussion 
have the larger measurements, although no reduction The size and shape of the dental arches are sub-
in jaw size is seen from the most ancient to the most ject to considerable variation.3 Factors such as 




Mandibular Jaw Width 
MANDIBULAR ARCH MANDIBULAR ARCH MANDIBULAR ARCH 
WIDTH AT WIDTH AT WIDTH AT 
FIRST PREMOLAR FIRST MOLAR SECOND MOLAR BIGONIAL WIDTH BICONDYLAR WIDTH 
CULTURE M F u T M F u T M F u T M F u T M F u T 
Paracas 
N 0 0 19 19 0 0 18 18 0 0 14 14 I I 28 30 30 32 
Mean 34.9 34.9 44.8 44.8 49.8 49.8 96.0 96.0 93.3 93.5 121.5 112.0 116.9 116.9 
S.E. 0.5 0.5 0.6 0.6 0.7 0.7 0.0 0.0 1.4 1.3 0.0 0.0 1.7 1.6 
Nazca 
N 10 12 I I 14 16 0 13 14 I I 18 20 I I 18 20 
Mean 35.5 35.4 34.8 34.9 48.2 43.7 46.5 46.4 55.7 51.4 51.7 90.0 S 1.5 95.0 95.8 111.0 118.0 118.5 118.1 
S.E. 0.0 0.0 0.5 0.4 0.0 0.0 0.4 0.4 0.0 0.4 0.6 0.0 0.0 2.1 2.4 0.0 0.0 1.3 1.3 
Huari c,, 
N I 2 8 I I 7 9 0 6 7 2 2 9 13 2 2 9 13 > 
Mean 32.5 33 .8 34.1 33.9 42.6 42.3 45.9 45.2 47.0 51.6 50.9 101.5 85.8 93.4 93.5 124.0 120.5 118.1 118.6 ~ 
S.E. 0.0 0.4 0.6 0.5 0.0 0.0 0.4 0.6 0.0 1.2 1.2 0.0 0.2 1.7 1.7 1.0 2.5 2.3 1.8 -< tT'l 
:.:, 
lea tT'l 
N 2 14 4 20 I II 8 20 I JO 12 4 16 7 27 4 17 7 28 -l 
Mean 37.2 35.0 33.3 34.9 49.2 45.5 44.4 44.9 52.4 49.8 56.3 50.4 94.1 93 .6 90.4 92 .8 119.3 118.9 117.2 118.5 > 
S.E. 2.5 0.5 1.2 0.5 0.0 0.8 I. I 0.7 0.0 0 .6 0.0 0.8 3.0 1.3 2.2 1.4 1.8 1.2 3.0 1.1 r: 
'1' 
:.:, 
Inca tT'l I 
N 0 0 I 0 0 0 0 I I 0 I 2 0 2 (") 
Mean 31.3 31.3 42 .6 42.6 48.1 48 .1 94.0 88.0 91.0 118.5 111.0 114.8 0 r 
S.E. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 3.8 c 
s: 
Colonial l:C :; 
N 3 16 I 20 9 0 10 0 JO 0 10 3 18 2 23 3 17 21 z 
Mean 34.3 35.0 32.8 34.7 43.8 43 .3 43.3 48.6 48 .6 95.2 90.0 80.8 88.0 121.7 116.7 115.0 117.3 
'1' 
S.E. 0.8 0.4 0.0 0.4 0.0 0.2 0.2 0.6 0.6 2.6 1.7 1.8 1.6 3.4 1.0 0 .0 1.0 tT'l :.:, 
c 
M = male < 
F = female :; 
U = sex un known z 
T = total 
._ 
> 
N = number ~ 
S.E. = standard error c,, 
N 
tT'l 
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TABLE 3 
Other Mandibular Measurements 
MANDIBULAR ANGLE RAM US HEIGHTH BODY LENGTH 
CULTURE M F u T M F u T M F u T 
Paracas 
N I I 31 33 I 30 32 I 29 31 
Mean 115.0 121.5 121.3 121.l 63.0 53.5 56.8 56.9 82.0 71.5 74.1 74.3 
S.E. 0.0 0.0 1.0 1.0 0 .0 0.0 1.2 1.1 0.0 0.0 1.0 1.0 
Nazca 
N 18 20 I 18 20 I 18 20 
Mean 118.0 114.5 118 .0 117 .9 60.0 55.0 60.1 59.8 68.5 68.0 78.3 77.3 
S.E. 0.0 0.0 1.7 1.5 0.0 0.0 1.0 1.0 0.0 0.0 1.3 1.3 
Huari 
N 2 2 IO 14 2 2 JO 14 2 2 JO 14 
Mean 123.5 116.5 119.8 119.8 60.8 55.8 59.6 59.2 76.2 76.3 73. J 74.7 
S.E. 3.0 5.0 1.7 1.4 2.3 1.8 2.3 1.7 1.2 2.8 2.5 2.1 
lea 
N 4 16 5 25 4 17 6 27 4 16 8 28 
Mean 119.5 116.9 122.0 118.3 59.0 60.2 59.4 60.6 78.9 75.3 73.3 74.J 
S.E. 3.8 1.3 3.5 2.4 1.7 0.8 1.8 0.6 2.1 1.0 2.4 1.2 
Inca 
N 0 I I 2 0 I 2 0 I 2 
Mean 121.5 116.0 118.8 54.5 59.5 57.0 71.0 74.0 72.5 
S.E. 0.0 0.0 2.8 0 .0 0.0 2.5 0.0 0.0 1.5 
Colonial 
N 3 17 2 22 3 16 2 21 3 16 2 19 
Mean 117.0 117.5 124.5 118.5 62.3 60.0 56.3 60.0 74.8 75.6 76.0 75.0 
S.E. 5.6 1.6 0 .0 1.5 2.0 I. I 1.3 1.0 1.4 1.0 0.0 0.0 
M = male 
f" = female 
U = sex unknown 
T = total 
N = number 
S.E. = standard error 
the basal bone21 have been shown to influence arch mensions in recent times in Europe. Several of these 
size and shape. Gould and Picton22 pointed out that studies have also shown that this reduction was not 
the equilibrium between the adjacent orofacial mus- accompanied by a corresponding diminution in tooth 
culature and the arch affects its size and shape. The size. The present study shows a reduction in the width 
degree of tooth attrition or abrasion has also been of the maxillary arch at the first molar during the 
noted to affect arch size and shape. Several of these time period studied. The most recent pre-Columbian 
factors, particularly attrition and growth, could have Peruvian cultures also showed a reduction in jaw size 
influenced jaw size and shape in this study, giving the in the mandible as noted in the diminution of arch 
wide degree of variation seen between and within the width at the first and second molars and in the bigo-
cultural groups. nial width. This reduction in jaw dimensions in more 
Studies of Swedish maxillae and mandibles,8 recent times was, however, accompanied by a corre-
British palates10 and dental arches,23 and European sponding reduction in tooth size.25 
mandibles,24 have all shown a reduction in jaw di- Many authors26•27 •12 have blamed this reduction 
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of jaw size on soft diet. The soft diet requires little 
mechanical force to masticate and thus less stimula-
tion of the bone. If changes in the consistency of the 
diet were the principal factor responsible for this 
reduction, then the mandibular ramus would be re-
duced in size.28 One should bear in mind that the 
mandibular ramus is the point of insertion of the 
muscles of mastication. In the present study, while a 
reduction in jaw size was exhibited by the more mod-
ern cultures as compared to the earlier ones, a reduc-
tion in the mandibular ramus was not seen. Although 
the presumptive evidence is strong that the reduction 
of the j aws is the direct result of less mechanical stress 
produced by the mastication of a soft diet in some 
studies, the possibility that genetic change may also 
be involved cannot be completely ruled out. Archae-
ological study of these cultures has shown that while 
differences in diet were seen between "inland" and 
"coastal" cultures, little change occurred in the diet 
within these groups over the period studied. The in-
flux of outside groups of individuals into the cultures 
studied, either by conquest or peaceful assimilation, 
could have resulted in the acquisition of new genetic 
traits, which leaves open the possibility that genetic 
change has influenced the reduction in jaw size. 
Conclusion 
In this study of 84 adult maxillae and 114 adult 
mandibles a reduction in jaw dimensions was seen in 
the more modern cultures. This reduction could not 
be explained by diet alone and the possibility that 
genetic change from gene mutation or population 
migration is suggested. Due to the small number of 
male specimens identified in this population, few, if 
any, valid comparisons can be made between the 
sexes concerning jaw dimensions. Future studies 
should be conducted to remedy this discrepancy. 
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